In vivo competition between iron and manganese for occupancy of the active site region of the manganese-superoxide dismutase of Escherichia coli.
Three forms of the dimeric manganese superoxide dismutase (MnSOD) were isolated from aerobically grown Escherichia coli which contained 2 Mn, 1 Mn and 1 Fe, or 2 Fe, respectively. These are designated Mn2-MnSOD, Mn,Fe-MnSOD, and Fe2-MnSOD. Substitution of iron in place of manganese, eliminated catalytic activity, decreased the isoelectric point, and increased the native electrophoretic anodic mobility, although circular dichroism, high performance liquid chromatography gel exclusion chromatography, and sedimentation equilibrium revealed no gross changes in conformation. Moreover, replacement of iron by manganese restored enzymatic activity. Fe2-MnSOD and the iron-superoxide (FeSOD) of E. coli exhibit distinct optical absorption spectra. These data indicate that the active site environments of E. coli MnSOD and FeSOD must differ. They also indicate that competition between iron and manganese for nascent MnSOD polypeptide chains occurs in vivo, and copurification of these variably substituted MnSODs can explain the substoichiometric manganese contents and the variable specific activities which have been reported for this enzyme.